Y o rk sh ire , on 19 Ju ly 1891. H e w en t to school, first in th e village school a n d th e n at S c a rb o ro u g h H ig h S chool. F ro m th ere he w as aw ard ed a sc h o la rsh ip , and w e n t to K in g 's C ollege, L o n d o n , a n d read geology. H e g ra d u a te d w ith h o n o u rs in 1912. H e grew u p a sh o rt, stocky m an. H e was b risk a n d active in his m o v em e n ts, in sp ite o f a lim p w h ich he h ad th ro u g h o u t his life. H e w en t overseas and w o rk ed in the W est In d ies, B razil a n d P e ru . H e re tu rn e d to E n g la n d to becom e R e a d e r in G en etics and th e n P ro fe sso r of B otany in th e U n iv e rsity o f M a n ch e ster.
In 1919, w hile w o rk in g in th e W est In d ie s, he was aw ard ed a D .S c. in b o tan y by K in g 's C ollege, L o n d o n . H e was elected F .R .S . in 1943 and F .R .S .E . in 1951, a n d he w as m ade an H o n o ra ry F ellow of th e T e x tile In s titu te for his w ork on th e technological c h a ra c te rs of raw co tto n . W h e n he re tire d he lived for som e tim e in B lackheath and th e n on a p ro p e rty he h ad a c q u ired in P e ru . In old age he re tu rn e d to a h ouse he had ow ned since 1932 in S n a in to n , and th ere he d ied on 8 N o v e m b e r 1982, at th e age of 91. E a r l y y e a r s H a rla n d 's first p o st was as a sch o o lm aster in th e p riv ate school in C h ristia n sta d t in S t C roix in the D a n ish W est In d ies. A fter six m o n th s he was offered a post at th e E x p e rim e n t S ta tio n by L ongfield S m ith , th e d ire c to r. T h e p o st was th a t of 'K o n to ris t', a clerk, b u t in fact th e d u ties w ere those of a general assistan t to th e d irecto r.
T h e w ork of th e statio n was p rin c ip ally w ith sugar cane and cotton. L ongfield S m ith had m ade a h y b rid b etw een tw o co tto n s, S t C roix N ativ e and Sea Islan d , w ith the in te n tio n of im p ro v in g the recently in tro d u c e d Sea Islan d . T h e h y b rid m aterial was assigned to H arlan d . S peaking in later years of th is tim e he said, 'F ro m th e first day I knew th a t 299 after all these years I had fo u n d th e k in d of w o rk I w a n te d to do. I w as am o n g p la n ts .' F ro m th e n on, geology w as b e h in d h im a n d he was an a g ric u ltu ra l b o tan ist. H e w o rk ed on th e c o tto n h y b rid w ith g rea t e n th u sia sm , and w ro te it u p in d etail in th e a n n u al re p o rt o f th e E x p e rim e n t S ta tio n in 1915. T h e w ork cam e to an en d in J u n e 1914. H a rla n d re tu rn e d to E n g la n d a n d took a te a c h in g p o st. H o w ev er, S ir F ra n cis W atts, Im p e ria l C o m m issio n e r o f A g ric u ltu re for th e W est In d ie s, had n o ted his w ork on th e c o tto n h y b rid in S t C roix, and H a rla n d was offered, and accep ted , th e p o st of A ssista n t A g ric u ltu ra l S u p e rin te n d e n t in St V incent. H e held th e p o st fro m 1915 to 1920. H is S t V in cen t p ro g ra m m e w as p rim a rily on th e g enetics of c o tto n , w ith som e m in o r ex cu rsio n s in to th e genetics of c asto r b ean a n d cow peas. H e p u b lish e d n u m e ro u s p ap ers. All w ere significant, and one, th a t on th e genetics of th e crin k led d w a rf ro g u e in Sea Isla n d c o tto n , was to lead on to one of his m ajo r c o n trib u tio n s to genetic th eo ry . O n th e basis of his w ork in S t V in cen t he was aw ard ed th e D .S c . by L o n d o n U n iv e rsity .
R e c o g n i t i o n a s a c o t t o n b o t a n i s t By 1920 he h ad so dev elo p ed his stu d ie s of th e b o tan y o f th e c o tto n crop th a t he was a p p o in te d h ead o f th e B otany D e p a rtm e n t at th e S h irley
In stitu te , th e R esearch In s titu te in M a n c h e ste r of th e B ritish C o tto n In d u stry R esearch A ssociation. T h e re he stu d ie d p rim a rily th e h a rv e sted co tto n lint as it cam e to th e sp in n e r, b u t he d id also grow som e c o tto n p lan ts in a g reen h o u se.
A fter th re e years in M a n c h e ste r H a rla n d re tu rn e d to th e W est In d ie s as P ro fesso r of B otany and G e n e tic s at th e new ly e sta b lish e d Im p e ria l College of T ro p ic a l A g ric u ltu re in T rin id a d . T h e re he was able to resu m e field w ork on co tto n , and to renew his g en etic in te re st in cow peas and castor bean. M o reo v er he had teach in g du ties. F irs t th e new ly e stab lish ed E m p ire C o tto n G ro w in g C o rp o ra tio n and later the C olonial Office sent ou t to T rin id a d g rad u a te stu d e n ts on a o n e -y e a r p ro b a tio n a ry course in tropical a g ric u ltu re . H a rla n d 's stim u la tin g lectu res, and th e p ro je c ts he set, opened the eyes of yo u n g m en b ro u g h t up in B ritish a g ric u ltu re to the u n ex p lo red w ealth of tropical cro p b o tan y . It was th e n th a t he first developed his c h aracteristically q u e stio n in g reaction to stu d e n ts. H e was often provocative, often critical, b u t frien d ly and stim u la tin g , and the stim u lu s of a discussion w ith him com es o u t in all recollections of him .
In the 1920s the E m p ire C o tto n G ro w in g C o rp o ra tio n was set up to stim u late the c u ltiv atio n of co tto n in C olonial te rrito rie s. E x p e rim en ta l stations w ere set up in the m o re im p o rta n t actual or p o ten tia l c o tto n grow ing te rrito rie s of the C olonial E m p ire. L arg ely ow ing to th e influence of S ir Jo h n F a rm e r, F .R .S ., th ey u n d e rto o k to estab lish one sm all station, free of any resp o n sib ility for a local crop b u t ch arg ed w ith the task of m aking a scientific stu d y of the genetics and physiology of the c o tto n s an d th e ir w ild relativ es. H a rla n d w as in v ite d to d evelop th e d e p a rtm e n t of c o tto n g en etics.
T h is w as a new d e p a rtu re in tro p ic a l a g ric u ltu re a n d th e choice of a lo catio n w as n o t easy. It fell on T r in id a d b ecause p ro x im ity to the Im p e ria l C ollege o f T ro p ic a l A g ric u ltu re m ad e p o ssib le academ ic c o n tacts an d th e use o f a good lib ra ry o f a g ric u ltu ra l science. L a te r H a rla n d sh o w ed th a t th e c o m p a ra tiv e ly a d v an ced state of e d u c a tio n in T r in id a d w as also a g rea t asset. A pool o f school leavers w ith good ab ility and a so u n d e d u c a tio n m ad e it p o ssib le to re c ru it a staff o f tec h n ica l a ssista n ts o f a c alib re n o t at th a t tim e available o u tsid e w e stern E u ro p e a n d N o rth A m erica. S et ag ain st th ese assets w as th e very serio u s d raw b ack of th e iso latio n o f th e C olonial w o rld . T h e r e w ere no airw ays and th e sea jo u rn e y b e tw e en T r in id a d a n d th e U .K . took tw o w eeks, w ith no sto p o v e rs en ro u te.
H a rla n d w as w ell su ite d to take u p th e adv an tag es, an d to cope w ith th e lim ita tio n s, of th is situ a tio n . H e re c ru ite d a tech n ical staff of o u tsta n d in g ability. A t a tim e w h e n social a ttitu d e s w ere w h a t w o u ld now be re g a rd e d as flagrantly racist, he pick ed able a n d tru s tw o rth y assistan ts reg ard less of race or sex. H a b itu a lly im p a tie n t of a u th o rity , se p ara tio n fro m his m aste rs by a tw o -w eek voyage was m o re a freed o m th a n a c o n stra in t.
E x p l o r i n g t h e g e n u s G o s s y p i u m
It is difficult, m o re th a n h a lf a c e n tu ry later, to ap p re c ia te how lim ited was o u r know ledge of th e b o tan y of th e g enus , to w h ich th e c o tto n s belong. S ir G eo rg e W a tt's (1907) m o n o g ra p h listed th e available h e rb a riu m sp ecim en s and th e living m aterial know n to him . It was co m p re h en siv e , b u t slan ted to w ard s In d ia w h ere W a tt h ad m ade his career. T a x o n o m ic a lly it offered m o re of a catalogue th a n a classification, and n e ith e r th e d efin itio n of th e species n o r th e delin eatio n of th e genus h ad any real g ro u n d in g in bo tan ical or genetic p rin cip les. In H a rla n d 's d e p a rtm e n t at th e S h irley In s titu te , D e n h a m (1924) h ad o b tain e d c h ro m o so m e n u m b e rs for a sm all range o f v arieties gro w n th e re in the g reen h o u se, and his d e te rm in a tio n s h ad b een confirm ed in the U .S .A ., R ussia and In d ia. So it w as know n th a t th e In d ia n co tto n s had 2 = 26 ch ro m o so m es and th e A m erican co tto n s In = 52. G e n e tic in fo rm a tio n was confused. In crosses b etw een types differing in m ajo r characters, som e segregated in a clear M e n d elian m an n e r, and som e involving th e sam e ch a ra c te rs segregated in to a w ide and unclassifiable range b etw een th e p a re n ts. In co n seq u en ce co tto n was reg ard ed as a 'b a d ' genetic subject.
B eyond these b o tanical gleanings, alm ost all the available in fo rm atio n was of w hat m ay be called a h u sb a n d ry n atu re: d ata on th e response of p a rtic u la r varieties to p a rtic u la r co u n tries, and the p ro d u c tio n po ten tial th ere b y assessed. T h e n u m b e r of w orkers in the field was very sm all.
Balls in E g y p t a n d K e a rn ey in th e so u th w e st U n ite d S ta te s w ere th e m o st a u th o rita tiv e . In d ia , w ith a w id e r ran g e o f ty p es in h e r cro p th a n any o th e r c o u n try , h ad only p ro d u c e d W a tt, L eake a n d G a m m ie w ith a c o u n try -w id e view o f th e crop.
H a rla n d set o u t to c u ltiv a te th is n e g le c te d field w ith one a ssista n tm y se lf-w ho h ad ju s t c o m p le te d his tra in in g course. A little la te r S ir J o h n F a rm e r p e rsu a d e d th e C o rp o ra tio n to ad d to th e g ro u p . A cy to lo g ist was a p p o in te d , D r A. S k o v sted fro m W in g e 's team at th e C a rlsb e rg L a b o ra to ry in C o p en h ag en .
H a rla n d set o u t to a c q u ire a n d m a in ta in a c o m p re h en siv e co llection of th e w o rld 's c o tto n s and c o tto n relatives a n d to stu d y a n d analyse gen etic segregation in h y b rid s b etw een ty p es d iffering in m ajo r p la n t c h a ra c te rs. W ith th e a p p o in tm e n t of a cy to lo g ist, th e scope o f his d e p a rtm e n t w as e n larg ed to cover th e cytological re la tio n sh ip s of th e species of Gossypium and to define cytologically th e lim its o f th e genus.
A t th a t tim e cro p b o tan y was g reatly in fluenced a n d stim u la te d by V avilov's e x p lo ra tio n o f th e c e n tres of o rig in o f th e w o rld 's cro p p lan ts and by th e e n o rm o u s and u n su sp e c te d v a ria b ility revealed by his collections. T h e resu ltin g c o tto n collection w as one of th e first 'gene p o o ls' got to g eth e r after V avilov's R u ssian collections. I t served to d e m o n stra te th e d iv ersity am ong th e co tto n s, and to p ro v id e th e m ate ria l on w h ich th a t d iversity could be p a rtitio n e d into m ean in g fu l g ro u p s w ith an in te g rity of th e ir ow n. T h e se H a rla n d accep ted as tru e species. O th e r g ro u p s, based on lim ited g ro u p differences, he reg a rd e d as ep h e m e ra l, and he m erg ed th em into th e species g ro u p s to w h ich he c o n sid e red th ey belo n g ed . H e th e n used th e collection to p ro v id e th e m aterial for a cro ssin g p ro g ra m m e designed to d e te rm in e th e genetic v alidity o f th e species classification he had m ade.
H a rla n d was p a rtic u la rly w ell e q u ip p e d to c o n d u c t th is e n te rp rise . H is know ledge of th e c o tto n p lan t w as q u ite rem ark ab ly in tim a te. T h is was well illu strate d by an in cid e n t relatin g to 'm an c o tto n ', a rogue th a t regularly ap p ears in cro p s of Sea Isla n d co tto n . T h e p la n t as a w hole, and its p a rts in d iv id u ally , are ra th e r sm aller th a n ad jacen t n o rm a l p lan ts, and it is com pletely sterile. H a rla n d h ad stu d ie d it and h ad trie d to d iscover its n a tu re , before th e C o tto n R esearch S ta tio n was estab lish ed , b u t the very occasional seed p ro d u c e d alw ays gave rise to a n o rm al p lan t, and so advance by genetic stu d ies ap p e are d im possible. W h e n S kovsted arriv ed , he exam ined 'm an c o tto n ' cytologically, and fo u n d th a t it was a hap lo id . Soon after th is discovery H a rla n d cam e in to th e lab in som e ex citem en t and told S kovsted and m yself th a t he h ad fo u n d a hap lo id in a p ro g en y of U p la n d (G . hirsutum) c o tto n . As he h a d assig n ed all cytological w ork to S k o v sted a n d n e v e r u sed a m ic ro sc o p e h im self, we w ere s u rp rise d . H e took us in to th e field a n d sh o w ed us a p ro g e n y of U p la n d c o tto n , a b o u t 45 cm h ig h a n d n o t yet flow ering. H e p o in te d o u t one p la n t, ra th e r sm all b u t by no m ea n s th e sm allest in th e row . T h is he said w as a h a p lo id , an d o u r d isb e lie f m u s t have b een a p p a re n t. 'S ta n d back a n d look at i t ', he said. T h e idea of sta n d in g back in a field of c o tto n to id en tify a h a p lo id w as m o re th a n we c o u ld take, an d we re tu rn e d to th e lab. in som e e m b a rra s s m e n t. A b o u t tw o w eeks late r-cytological te c h n iq u e s w ere slow in th o se days-S k o v sted asked m e if I re m e m b e re d th e in cid e n t. I lau g h ed . S k o v sted said, 'I t is a h a p lo id '.
I t w as w ith th is in tim a te kno w led g e of th e p la n t th a t he b u ilt up his w o rld co llectio n of c o tto n s a n d th e ir w ild relatives. H e dev elo p ed , alm o st u n c o n scio u sly , a classification. H e b ro u g h t th e m u ltifa rio u s species T h e a n a l y s i s o f t h e c o t t o n g e n o m e H a rla n d took th e c u ltiv a te d N ew W o rld c o tto n s and th e ir close relatives for his genetic stu d ies. In th is collection o f co tto n s he stu d ie d v ariatio n in fo u r m ajo r c h a ra c te rs (petal spot, petal colour, p ollen colour and red p la n t body) and one d eleterio u s m u ta n t (crinkled dw arf). T h e se five all c o n trib u te d to H a rla n d 's analysis of the c o tto n genom e. L eaving o u t crin k led d w a rf for th e m o m e n t, he show ed th a t in crosses betw een close relatives, seg reg atio n for each of these c h aracters was usually clearcu t, and on sim ple M e n d elian lines. In c o n tra st, in crosses b etw een w idely differen t lines segregation w as 'b le n d in g ', and difficult or im p o s sible to classify. W ith these crosses he a d o p te d a tec h n iq u e of rep eated backcrossing to one or o th e r of th e p a re n t types, and was able to id entify segregating lines in w hich clear M e n d elian segregation was again es tab lish ed . T h u s he show ed th a t in each of these fo u r c h aracters a m ajor gene difference existed b etw een 4-and -strain s b u t th a t in som e crosses th e segregation o f a rep e rto ire o f m in o r m odifier genes o b sc u re d th e segregation of th e m ajo r gene.
H a rla n d th e n co m p ared his classification of crosses into clear seg reg at ing and 'b le n d in g ' w ith the taxonom ic classification th a t had em erged fro m his stu d y o f th e ty p e collection. H e sh o w ed th a t crosses w ith in w h a t he reg a rd e d as a tax o n o m ic u n it gave clear seg reg atio n fo r any o f th e fo u r ch a ra c te rs he used, w hile crosses b e tw e en any tw o o f his tax o n o m ic u n its gave 'b le n d in g ' segregation.
F ro m th e co incidence o f th ese tw o lines o f stu d y em e rg ed H a r la n d 's review 'T h e genetical co n c ep tio n o f th e sp e cie s' (1936) . In it he su m m a riz ed th is c o n c ep tio n th u s:
'E v id en ce has b een b ro u g h t fo rw ard th a t in th e tw o species Gossypium barbadense and G. hirsutum, long se p ara tio n has p ro d u c e d p ro fo u n d genetic changes. T h is is tru e o f fo u r o th e r species, so far as th ey have b een ex am in ed . M a n y genes have evolved in to new alleles, hom o lo g o u s c h a ra c te rs have becom e g enetically d ifferen tly c o n s tru c te d , and new c o -o rd in a te d m o d ifier system s set u p . T h e re is n o th in g in th e e x p e rim e n ts to in d icate th a t any o th e r p ro cess ex cept gene s u b s titu tio n has tak e n p a rt, a n d n o th in g to in d icate th a t th e D a rw in ia n process of g rad u al ev o lu tio n by n a tu ra l selection has n o t b een th e m ain m ec h a n ism involved in th e g reat changes w h ich have taken p la c e .'
A fu rth e r d im e n sio n was th e re b y ad d e d to e v o lu tio n a ry change. T h e acq u isitio n and e lim in a tio n o f genes was no lo n g er to be conceived as response solely to th e selective forces of th e e n v iro n m e n t. T h e re is a s tru c tu re to the genom e, and in co m in g genes will be su b je c t to selection for fitness in the g enom ic s tru c tu re as well as fitness of resp o n se to th e ex tern al e n v iro n m en t.
C r i n k l e d d w a r f a n d t h e n a t u r e o f d o m i n a n c e A longside these analyses of th e g en etic s tru c tu re of th e n a tu ra l variatio n of th e N ew W o rld c o tto n species w ere stu d ies o f th e m ak e -u p of th a t p a rt of th e g en o ty p e th a t is d isru p te d by th e m u ta n t crin k led d w a rf gene. Its b e h a v io u r as a single gene recessive in crosses w ith its Sea Isla n d (G. barbadense) p a re n t stock had been d e m o n stra te d in tw o o f H a r la n d 's early p ap ers (1916, 1918) . H e w e n t on fro m th e re to show th a t in G. barbadense and G. hirsutum crosses, th e re is a b rea k d o w n of do m in an ce, giving a range of in te rm e d ia te hetero zy g o tes. By selection in such m aterial, he was able to estab lish ho m o zy g o u s lines w ith v arying degrees of in ten sity of th e crin k led a b n o rm a lity , from 's u p e r-c rin k le d ' to p se u d o norm al. By a series of b ackcrossing p ro g ra m m e s he show ed th a t different types carried d ifferent n o rm al alleles at th e crin k led locus, d istin g u ish e d by differences in th e degree of d o m in an ce in th e ir crin k led heterozygotes.
A t the tim e w hen H a rla n d was p u b lish in g his crin k led e x p erim en ts, R. A. F ish er, F .R .S ., was p ro p o u n d in g his th eo ry th a t dom in an ce was n o t a c h aracteristic of the in te ra c tio n of genes at a single locus, b u t a consequence of selection for n o rm a lity am ong hetero zy g o tes re c u rrin g by m u ta tio n in n a tu ra l p o p u la tio n s. H e seized u p o n th e crin k led d w a rf d a ta as ev id en ce in s u p p o rt o f his th e o ry .
H a rla n d (1932, 1934) d id n o t accep t th is in te rp re ta tio n . T h is tra n s ference of c rin k le d d w a rf to U p la n d (G . hirsutum) show ed th a t on a sta n d a rd U p la n d ty p e the n o rm a l gene w as co m p letely d o m in a n t. S ince c rin k led d w a rf h ad n e v e r b een re c o rd e d in G. hirsutum * he c o n c lu d e d th a t d o m in a n c e ov er th e d e le terio u s recessive w as d u e to selection, n o t in th e rare h e te ro zy g o te , b u t in th e w hole b u lk of th e n o rm a l p o p u la tio n .
T h e d e b a te on th e g en etic n a tu re o f d o m in a n c e c o n tin u e
H e d e m o n s tra te d also, h ow ever, th a t th is w as n o t th e only g en etic cause of d o m in a n c e. H e id en tified am o n g th e c o tto n s a n u m b e r of n o rm a l alleles d iffering in th e ir d o m in a n c e p o ten cy . M o re o v e r, he w as able to show th a t n o rm a l genes allelic to th e crin k led d w a rf gene of N ew W o rld te tra p lo id Sea Isla n d c o tto n exist in th e g enom e o f a n c ie n t d ip lo id species o f Gossypium th a t are w ild in d e se rt regions of C e n tra l A m erica.
As an illu stra tio n of th e skill and p e n e tra tio n w ith w h ich H a rla n d p ro b e d th e c o tto n g en o m e, th e d o m in a n c e e x p e rim e n ts are of g reat in te re st, b u t in re tro sp e c t it m u st be accepted th a t th e n a tu re of d o m in a n c e is a side issue. I t w as n o t in th e m a in stre a m o f genetic advance, in w h ich H a rla n d was so successfully involved.
M i s u n d e r s t a n d i n g H a rla n d 's b rillia n t analysis of th e genom es of th e N ew W o rld co tto n s was in m id stre a m w hen th ere arose a d isa g re em e n t th a t was to change th e course of his career. H e never suffered gladly those in a u th o rity . H e nev er hid his feelings, and he was b lu n t and o u tsp o k en , b u t he did n o t bear a g ru d g e. In th e W est In d ie s, he was fre q u e n tly involved in arg u m e n ts w ith p la n te rs over such m a tte rs as th e exchange of seed of co tto n varieties w ith o th e r c o u n tries, b u t as he to u re d th e islands he m et th e m en w ith w hom he h ad b een in d isp u te , and th e sto rm rem ain ed w ith in th e confines of th e teacu p and th e cocktail glass.
L o n g -d ista n c e a rg u m e n ts w ere a differen t m a tte r, and the draw back of th e isolation of th e C olonial w orld, refe rre d to earlier, becam e real and im p o rta n t. H e had m arrie d E m ily W ilson C am ero n in 1915, and they had tw o d a u g h te rs. E m ily was u n su ite d to tro p ical C olonial life in b o th health and te m p e ra m e n t. N o t long after th e esta b lish m e n t of th e C o tto n R esearch S tatio n , H a rla n d took his wife to E n g lan d for m edical tre a t m en t, and after a b rie f stay, re tu rn e d alone. T h e y d rifte d a p a rt and a * An allele of crinkled dw arf was found in U pland on one occasion later. divorce follow ed. S om e tim e late r he m a rrie d O live Sylvia A tteck , a m e m b e r of a p ro m in e n t T r in id a d C h in ese fam ily w ho w o rk e d at th e C o tto n S ta tio n as one o f H a r la n d 's tec h n ica l assistan ts.
Social gossip in an isolated C olonial c o m m u n ity , a n d a rg u m e n ts and irrita tio n s am o n g a sm all team in a h o t tro p ic a l lab o ra to ry w ere o f no m o re im p o rta n c e th a n d isp u te s over seed su p p ly w ith th e islan d p la n te rs, b u t th ere w as n o t th e sam e o p p o rtu n ity to allow th e m to blow o u t in th e local teacu p s. 'T h e a u th o r w ishes to take th is o p p o rtu n ity of e x p re ssin g his sincere th an k s to th e E m p ire C o tto n G ro w in g C o rp o ra tio n fo r th e u n iq u e an d g e n e ro u s facilities w h ic h th ey afforded h im fro m 1926 to 1935 for th e p ro se c u tio n o f genetical stu d ie s u n h a m p e re d by econom ic c o n s id e ra tio n s .' In 1926, w h en th e genetics team at th e C o tto n R esearch S ta tio n w as set up, c o tto n w as one of th e least u n d e rs to o d of th e w o rld 's m ajo r crop plan ts. T h e lim its of th e g enus w ere u n d efin ed , an d th e relatio n s b etw een cu ltiv a te d and w ild c o tto n s w ere u n k n o w n . In d e e d , th e re w as no c o n c ep tio n of w h at was a 'c o tto n ' an d w h at was a w ild relative. A p a rt from th e m ain d istin c tio n b etw een d ip lo id s a n d te tra p lo id s, know ledge of th e tax o n o m y of th e p lan ts su p p ly in g th e w o rld 's g rea test tex tile in d u stry was ru d im e n ta ry .
H a rla n d d id n o t solve all these p ro b le m s. In d ee d , som e o f th e m still offer a challenge th a t th e s tu d e n t of crop p la n t ev o lu tio n ca n n o t m eet. W h a t H a rla n d did was to set th e p ro b le m s in o rd er, and attack th o se th a t w ere vital to th e c o n stru c tio n of a genetic u n d e rs ta n d in g of th e lim its of the genus and th e p a rtitio n o f th e genetic variance w ith in it. 13 e m e rg ed w h ic h h a d defin ab le c ro ssin g a n d g ra ftin g rela tio n s am o n g th e m a n d w ith th e c o tto n s, a n d n o t w ith o th e r s h ru b s o r tre e s of th e H ib isceae g ro u p of th e M alvaceae. T h e y are w ild d e se rt s h ru b s an d fall in to g ro u p s o c c u rrin g in a rid C e n tra l a n d S o u th A m erica; th e d e se rts of w est and so u th w e st A frica; th e H o rn o f A frica, s o u th e rn A ra b ia an d coastal P ak istan ; an d A u stra lia . T h e s e are a ccep ted as w ild species o f th e g en u s Gossypium.
T h o u g h all of th ese have som e h airy o u tg ro w th on th e seeds, n o n e of th e m have seed h a irs long e n o u g h o r c o n v o lu te d e n o u g h to be u sed for tex tile p u rp o se s. T h e species th a t b e a r h a irs on th e seed, o r i i n t ', th a t can be sp u n are d istin c t fro m th ese g ro u p s o f w ild species, a n d it becam e c u sto m a ry in H a r la n d 's team to confine th e te rm 'c o tto n ' to th e fo rm er. T h e y are very w idely d is trib u te d in tro p ic al a g ric u ltu re in b o th h e m i sp h e re s, a n d have b een sp re a d an d in te rm in g le d by in d isc rim in a te seed exchange over m an y c e n tu rie s.
T
h e analysis a n d classification of th is vast assem blage c o n s titu te d th e m ajo r p ro b le m to w h ich H a rla n d a d d re sse d him self. T h e first and basic classification w as on c h ro m o so m e n u m b e r, and th is had b een do n e by D e n h a m (1924), w o rk in g w ith H a rla n d at th e B .C .I.R .A . S h irley
In s titu te . C o tto n s w ere of tw o k inds, those w ith c h ro m o so m e n u m b e rs of n = 13 a n d th o se w ith n = 26. T h e m ain v arieties of th e A m erican crop fell in to th e n = 26 g ro u p , and of th e In d ia n cro p in to th e 13 g ro u p , b u t it w as at th a t tim e by no m ean s ce rtain th a t th is re p re se n te d a basic g eo g rap h ical difference in d istrib u tio n . P a rtic u la rly in A frica, 26 c o tto n s had long b een e sta b lish e d a n d w ere co m m o n ly reg a rd e d as native.
As th e ty p e collection grew , an d th e classifications in th e b o tanical lite ra tu re w ere revised by c o m p a riso n w ith living m aterial, it becam e clear th a t th e n = 13 co tto n s w ere A siatic in d istrib u tio n , only rarely e x te n d e d into A frica, a n d w ere n o t fo u n d n a tu ra lly in th e N ew W orld.
T h e n = 26 c o tto n s, on th e o th e r h an d , w ere p re d o m in a n tly N ew W o rld in p ro v en an ce, and th e ir extensive m o d e rn o c cu rren ce in A frica and Asia was associated w ith tra d e exchange in th e rec e n t past. I t is n o t possible to d erive an ab so lu te p ro o f th a t th e 26 co tto n s are exclusively N ew W o rld in origin, and th e 13 c o tto n s O ld W o rld , b u t th e evidence o f th e ty p e collection w as co nvincing to th e p o in t th a t th is d istin ctio n is now n ev er in d isp u te . O n th a t basis H a rla n d took th e N ew W o rld ( n = 26) co tto n s, and allo tted th e O ld W o rld = 13) co tto n s to m e.
(b) The species of N ew W orld cottons
H a rla n d 's crossing p ro g ra m m e was co n c en tra te d on the tw o m anifestly d istin ct N ew W o rld co tto n s, G. barbadense, taking Sea Isla n d as typical, and G. hirsutum, tak in g U p la n d as ty p ical. In se g reg atin g g e n e ra tio n s of crosses b etw een th ese ty p es, a w ide ran g e o f in te rm e d ia te s arose fo r any c h a ra c te r in w h ich th e tw o p a re n ts differed, w hereas th e sam e c h a ra c te r difference in crosses w ith in a ty p e seg reg ated in to clearly d istin c t classes. By rep e a te d b ack cro ssin g to th e p a re n ta l ty p es he sh ow ed th a t on e ith e r genetic b a c k g ro u n d , clear M e n d e lia n se g reg atio n took place. T h u s th e w id e -ra n g in g in te rm e d ia te segregates in in te r-ty p e crosses could be a scrib ed to th e seg reg atio n o f m in o r genes in w h ic h th e p a re n ts differed.
H a rla n d early began to talk o f 'g en etic a rc h ite c tu re ', a n d th e te rm was very su itab le as a d e sc rip tio n o f th e s itu a tio n he h ad revealed. T h e tw o species w ere b u ilt w ith d ifferen t gene com plexes, even th o u g h any one c h a ra c te r could be fo u n d in b o th species. I t w as th e com plexes, n o t th e in d iv id u al genes, th a t w ere significant. In d e e d , th e g en o ty p e of a species was th e resu lt of a selective p ro cess am o n g genes, fitting th e m in to th e a rc h ite c tu re of th e species, ju s t as m u c h as th e p h e n o ty p e was su b je c t to a selective process in th e p la n t p o p u la tio n .
H a rla n d o b served a co n seq u en ce of th e b re a k -u p of th e g enetic a rc h ite c tu re in crosses b etw een w h at he cam e to reg a rd as tru e species. A m ong the in te rm e d ia te segregates of su ch crosses, m an y p lan ts w ere u n b alan ced , and sterile o r n early so. P ro d u c tiv e lines w ere e ith e r close to one o f the p a re n t species, or if in te rm e d ia te , rese m b le d th e F x in segregating w idely in th e nex t g e n e ra tio n . So a new tax o n o m y em erg ed . Species rank was acco rd ed only to th o se g ro u p s show n to be d istin c t in th eir genetic a rc h ite c tu re . A m o n g th e N ew W o rld co tto n s H a rla n d accepted only five species, and of these only tw o, G. barbadense and G. hirsutum, w ere really significant. In d e e d th e o th e r th re e w ere accepted chiefly because th e re was n o t sufficient genetic evidence on th em to ju stify d o w n g ra d in g th em .
(c) The concept of genetic architecture in cotton breeding practice H a rla n d 's ideas had a very w ide influence on p ractical co tto n b ree d in g . T h re e exam ples m ay be given: first, at th e C o rp o ra tio n 's sta tio n at B arb erto n in S o u th A frica an a tte m p t w as m ade to b re e d a long staple rep lacem en t for th e U p la n d type by crossing th e U 4 th e n in c u ltiv a tio n w ith Sea Islan d (G . barbadense). T h e only lines b re d th a t w ere b o th stable and p ro d u ctiv e w ere very close to the G. hirsutum p a re n t type. I n te r m ediates w ere u n sta b le and th re w u n p ro d u c tiv e segregates. S econd, in India, in th e absence of a classification on H a rla n d 's lines th ere was confusion and d isa p p o in tm e n t in b ree d in g p ro g ra m m e s. R eclassification into tw o genetically based species, G. arboreum and G. herbaceum, led to a clear d istin ctio n b etw een crosses yielding useful and p red ic ta b le b ree d in g m aterial, and those in w hich it was difficult to estab lish lines th a t com bined p ro d u c tiv ity w ith u n ifo rm ity .
T h e th ir d a n d m o st im p o rta n t (an d m o st successful) a p p lic a tio n of H a r la n d 's ideas on c o tto n g e n e tics w as set up by R. L . K n ig h t in th e n o rth e rn S u d a n . B acterial b lig h t w as an im p o rta n t a n d p o te n tia lly d e v a sta tin g disease o f E g y p tia n (G . barbadense) c o tto n in th e irrig a te d G e z ira cro p . C o n tro l w as m a in ta in e d by v ig o ro u s a n d ex p en siv e p la n t sa n ita tio n m ea su res. K n ig h t set a b o u t b re e d in g g en etic resista n c e in to th e c o m m ercial v arieties. P a rtly re sista n t ty p es w ere k n o w n am o n g U p la n d (G .
hirsutum) c o tto n s acclim atized in th e ra in -g ro w n c o tto n area of A frica. N o n e w ere k n o w n in any G. barbadense stocks. K n ig h t a ccep ted H a r la n d 's p ro p o sitio n th a t to try to b re e d a re sista n t stock in te rm e d ia te b e tw e en th e tw o species w o u ld be to c o u rt failure. H e m u st seek to in se rt genes for resista n c e in to th e gen etic a rc h ite c tu re of th e su sce p tib le p a re n t species. H e set a b o u t tra n s fe rrin g resistan ce genes fro m G. hirsutum to th e E g y p tia n (G . barbadense) varieties th e n in c o m m ercial p ro d u c tio n in th e S u d a n . T h is he d id by re p e a te d b ack cro ssin g of re sista n t segregates to sta n d a rd E g y p tia n ty p es. T h e te c h n iq u e w orked. R e sista n t G. barbadense ty p es w ere b re d and w en t in to p ro d u c tio n . B acterial b lig h t resistan ce is now re g a rd e d as an essen tial c h a ra c te ristic of any com m ercial v ariety of S u d a n E g y p tia n c o tto n . A n d th e re sista n t stocks are all th e o u tco m e o f a sy stem atic sy n th esis, p la n n e d a n d ex ecu ted on th e genetic p rin c ip le s e sta b lish e d in T rin id a d by H a rla n d .
(d) The genetic nature of species differences
In th is w ay H a r la n d 's analysis of th e genom es of the N ew W o rld co tto n s w as p u t to p ractical tests, an d show n to be valid. H o w ev er, it has a m u ch w id e r significance th a n as a g u ide to c o tto n b re e d in g strategy. It c o n s titu te d som e of th e m o st im p o rta n t evidence on th e genetic n a tu re of species differences. In th e late 1920s and th e 1930s th e re was m u ch deb ate in b o tan ical circles on th e su b ject. O p in io n s v aried fro m reg a rd in g th e species as little m o re th a n a convenience for h e rb a riu m classification to an alm ost p re -D a rw in ia n view of th e ir validity as p a rt of th e n a tu ra l o rd er.
H a rla n d 's c o n trib u tio n to th e deb ate was to d e m o n stra te th a t real d istin c tio n s exist at a b o u t th e level usually accepted as species d if ferences, th a t th ey are genetically based, and th a t th ey can be identified and d e lim ited by genetic e x p e rim e n ts. W h a t he called th e 'genetic a rc h ite c tu re ' of th e species he reg a rd e d as a p ro d u c t o f n a tu ra l selection th a t led to an in te g rate d and in te rn ally balan ced gene co m p lem en t. W ith in th is c o m p le m e n t, genes m ig h t be in clu d ed or elim in ated , b u t m ajo r d isru p tio n of th e co m p le m e n t w ould be disastro u s. T h u s , even w hen related species cross freely and give fertile offspring, species in te g rity is m ain ta in e d because th e segregation p ro d u c ts follow ing in tercro ssin g are inferior, and are rap id ly elim in ated . T h is concept of the self-su stain in g in te g rity of th e species is now of p a rtic u la r im p o rtan ce w h e n im ag in ativ e fo recasts are m ad e of th e e x te n t to w h ich new m ate ria l can be in se rte d in to th e g e n o ty p e o f a cro p p la n t by gen etic e n g in e e rin g . L ittle th o u g h t has yet b een given to th e risk of d isru p tio n o f a genom e th a t is th e resu lt o f in te rn a l n a tu ra l selection as w ell as selectio n u n d e r th e e x tern al e n v iro n m e n t.
W o r k i n B r a z i l a n d P e r u W h e n his a p p o in tm e n t at th e C o tto n R esearch S ta tio n in T rin id a d cam e to an en d , H a rla n d took u p an a p p o in tm e n t as G e n e ral A d v ise r to th e S tate C o tto n In d u s try in Sao P au lo , B razil. H e sp e n t th re e years se ttin g up a c o tto n research o rg an iz atio n in C a m p in a s on th e lines o f th e S ta tio n in T rin id a d . A b o u t a year later, in 1939 as th e first resu lts of his research p ro g ra m m e w ere c o m in g in, th e re was a gen eral d ire c tiv e fro m th e G o v e rn m e n t of B razil te rm in a tin g th e c o n tra c ts o f all fo reig n ers w orking in G o v e rn m e n t d e p a rtm e n ts. H a rla n d and his w ife re tu rn e d to E n g lan d .
In 1940 H a rla n d was a p p o in te d D ire c to r o f th e In s titu te of G e n e tic s of th e S ociedad Na<pional A g raria in P e ru . T h is w as a h a p p ie r e n te rp rise th a n th a t in Brazil. T h e c o n tra c t was for five years a n d it w as ren ew ed for a fu rth e r five years. H is p rim a ry d u ty w as to stabilize a n d th e n im p ro v e T a n g u is, th e c o tto n v ariety on w h ich alm o st th e w hole o f th e P e ru v ia n co tto n crop is based.
T a n g u is arose as a G. barbadense ty p e sin g le -p la n t selection in a m ixed crop in 1908. O rig in ally it p ro d u c e d a b rig h t w h ite, long staple, ra th e r coarse sam ple th a t was very acceptable to m e rc h a n ts and u sers of P eru v ian co tton. I t w as h igh y ielding, and early c ro p p in g by P e ru v ia n sta n d a rd s. B ecause of its earliness it was su p p o sed to be th e resu lt of h y b rid iz atio n b etw een th e n ativ e P e ru v ia n p ere n n ial G. barbadense an d an in tro d u c e d an n u al U p la n d (G. hirsutum) type. T h is H a rla n d d o u b te d on g ro u n d s of his ow n th eo ries an d he very soon satisfied h im se lf th a t tru e T a n g u is was in fact an early fru itin g selection fro m a p u re G. barbadense stock. T h e p ro b le m he faced was th a t over th e years th e T a n g u is stock had becom e heavily c o n ta m in a te d by u n selected seed o f b o th G. bar badense and G. hirsutum origin. T h e need for im p ro v e m e n t was u rg e n t.
P eru v ian T a n g u is w as rap id ly losing its re p u ta tio n for a p a rtic u la r and desirable q u ality , and b u y e rs w ere search in g th e w o rld 's co tto n crops for an acceptable su b stitu te . H a rla n d acted sw iftly. H e m ad e large n u m b e rs of selections fro m T a n g u is-ty p e p lan ts in com m ercial fields. H e set sta n d a rd s for th e m ea su rab le ch a ra c te rs of seed co tto n -colour, c h a ra c ter, staple len g th a n d g in n in g o u ttu rn -and d isc a rd ed sam ples below acceptable sta n d a rd s. T h o se th a t passed th e sta n d a rd s w ere b u lk ed an d p ro v id ed a base for seed m u ltip lic a tio n . T h u s he began w ith a s tra ig h tfo r w ard cle a n -u p o p e ra tio n , and his c le a n e d -u p stock served as a baseline ag ain st w h ic h to c o m p a re th e p ro d u c ts of th e b re e d in g w ork, to w h ic h he th e n tu rn e d his a tte n tio n . P la n t b re e d in g w as at th a t tim e d o m in a te d by th e p u re line co n cep t. C ro p p la n ts w ere se lf-p o llin a te d w h e re v e r p o ssible. S ingle p la n t selec tio n s w ere g ro w n on in p ro g e n y row s a n d u n ifo rm ity w as re g a rd e d as one of th e im p o rta n t c h a ra c te ristic s on w h ic h to select. H a rla n d drew a tte n tio n to th e fact th a t s tric t in b re e d in g a n d selectio n for u n ifo rm ity led very q u ick ly to th e e lim in a tio n o f th e gen etic v a ria b ility on w hich p ro g re ss u n d e r selectio n d e p e n d e d . H e grew p ro g e n y row s o f his selectio n s w ith o u t c o n tro l o f p o llin a tio n . H e selected th e b e st p ro g en ies on a b u lk sam p le of p ro d u c e and an a sse ssm e n t o f yield, v ig o u r an d disease resistan ce o f th e p ro g e n y as a w hole. H e th e n ex am in ed sin g le p la n t sam p les fro m th e selected p ro g en ies and d isc a rd e d s u b s ta n d a rd p lan ts. T h e selected m ate ria l p ro v id e d an elite b u lk as a basis, first for m u ltip lic a tio n in a seed su p p ly system , a n d secondly as a source of fresh selections in a c o n tin u in g selectio n p ro g ra m m e . T h u s in fe rio r p ro g en ies a n d in d iv id u a l p lan ts w ere d isc a rd e d as th ey a p p e are d , b u t w h a t re m ain e d w as g en etically w idely b ased, and th e v a ria b ility on w h ich fu rth e r p ro g re ss d e p e n d e d w as m a in ta in e d .
D u rin g his te n u re of th e P e ru v ia n p o st H a rla n d b o u g h t a p ro p e rty in N a n a , in th e R im ac V alley am o n g th e foothills o f th e A n d es n o t far fro m L im a. H e d ev elo p ed th e th re e h e c ta re s o f lan d as a sm all p riv a te research sta tio n . H e d id som e of his T a n g u is w ork th e re , b u t he used it p rim a rily to ex p lo re his w id er in te re sts in tro p ic al cro p p lan ts a n d o rn am e n ta ls. H e k e p t th e p ro p e rty w h e n he left P e ru , and re tu rn e d th ere to sp e n d som e of th e years of re tire m e n t. R e t u r n t o E n g l a n d
In 1949 E ric A sh b y (th e n P ro fesso r of B otany in M a n c h e ste r U n iv e r sity, now L o rd A shby, F .R .S .) in v ited H a rla n d to jo in his staff in M a n ch e ster. H e accep ted , a n d was a p p o in te d R eader in G en etics. Som e six m o n th s later A sh b y d e p a rte d to becom e V ice-C h an cello r at Q u e e n 's U n iv e rsity in B elfast, an d in 1950 H a rla n d succeeded h im as P ro fesso r of B otany.
H e was a research scien tist and a g eneticist. N e ith e r th e teach in g activities of th e d e p a rtm e n t n o r th e w ide range of th e field o f b o tan y cam e easily to him . M o re o v e r in U n iv e rsity affairs his b lu n t and u n c o m p ro m is ing m a n n e r of ex p ressin g his view s m ade for c o n fro n tatio n ra th e r th a n th e d e v e lo p m en t of u n d e rsta n d in g . So he did n o t easily fit into the u n iv ersity system , and ten d e d to devote h im self to his in te rests in genetic research. T h o u g h his b lu n t Y o rk sh ire w ay of ex p ressin g his view s got h im disliked in som e u n iv ersity circles, am ong his close associates he g en erated loyalty and affection.
In his ow n su b ject th e u n iv e rsity p o st e n a b le d h im to b ro a d e n his in terests. H e d ev o ted h im se lf chiefly to th e c y to g en etic asp ects of p la n t tax o n o m y , th e re b y e x p lo itin g his e a rlie r successes in defin in g th e gen etic basis for species d iffe re n tia tio n . H e did little p ractical w ork h im self, b u t su p e rv ised research s tu d e n ts, to w h o m he assig n ed c y to g en etic and tax o n o m ic p ro b le m s in Fragaria, Lathyrus, Fuchsia, Trifolium an d Gossypium. T h e resu lts rem a in e d fo r th e m o st p a rt in P h .D . theses.
H a rla n d was a good and in te re s tin g le c tu re r, a n d b o th in h is u n iv ersity teach in g and in lectu res to scientific an d c u ltu ra l societies he did m u c h to sp read aw areness o f th e biological n a tu re o f h e re d ity .
H e u n d e rto o k o u tsid e a ssig n m en ts th a t w ere m o re in k eep in g w ith his research experience. H e served a te rm on th e th e n A g ric u ltu ra l R esearch C ouncil, and a te rm also on th e g o v e rn in g b o d y o f th e P la n t B reed in g In s titu te . H e visited In d ia in 1955, w h ere he p re sid e d over th e A n n u a l G en eral M e etin g o f th e S ociety o f G e n e tic s and P la n t B reeding. T h e H a rla n d s had a flat in M a n c h e ste r, b u t th ey sp e n t a good deal of tim e at th e ir house in S n a in to n , w here th ey w ere g e n e ro u s in th e ir h o sp ita lity to p o stg ra d u a te s tu d e n ts a n d d e p a rtm e n ta l colleagues. T h e y also on occa sion sp e n t th e su m m e r v acatio n at N a n a in P e ru . T h e y w ere th e re fo re away fro m M a n c h e ste r very fre q u e n tly . R e t i r e m e n t In 1958, at the age of 67, he re tire d , and he a n d his w ife w en t to live in B lackheath in a b e a u tifu l h o u se w ith a large g ard en . H e a p p re c ia te d th e convenience of th e location b o th for access to m ee tin g s and co nferences in L o n d o n , and for receiving v isitors fro m m an y p a rts of th e w o rld w ho cam e to see him .
A fter five years he p in ed for th e tro p ic s and th e tro p ic al p lan ts he had collected in P e ru , and he and his w ife re tu rn e d to P e ru , to N an a. T h e re he lived h appily, w ork in g on his p lan ts and fru it trees, and receiving visits from the n u m e ro u s a g ric u ltu ra l b o tan ists w ho visited P e ru in search of genetic m aterial of S o u th A m erican cro p plan ts. O ne w ho knew and visited him at th a t tim e w rote: '. . . he chose to m ake his h om e in N an a, a sm all village in the b eau tifu l R im ac valley su rro u n d e d by th e foothills of the A ndes. H e ded icated the land of th re e hectares to p riv a te co tto n b re e d in g w ork, as well as to ex p e rim e n ts w ith corn, sw eet p o tato es and o th e r species. H e in tro d u c e d p la n t m aterial fro m all over th e w orld to his g ard en w hich m u st be q u ite exceptional w ith reg ard to th e range of tem p e ra te and tro p ical p lan ts it co n tain ed : lo g an b erries and grapes, apples and m angoes, stra w b e rrie s and qu in ces, ch irim o y as and p lu m s, figs and coffee as well as an equally varied collection of flow ering plan ts, m an y of w hich he b re d and n am ed for his relatives. I t w as his g re a t p rid e to show his collectio n to his c o n sta n t stre a m of v is ito rs .'
T h is h a p p y p e rio d w as b ro u g h t to an en d by ill h e a lth a n d a d e te rio ra tin g social clim ate, an d he a n d his w ife re tu rn e d to th e ir h o u se in S n a in to n ; H a rla n d e n d e d his days in th e village in w h ich he w as b o rn .
C o n c l u s i o n T h is w as H a rla n d , u n a ssu m in g , fo rth rig h t, a n d of an in d e p e n d e n t m in d . H e w as tra in e d in geology an d sp e n t th e w hole of his w o rk in g life in g en etics. H e id en tified a n d atta ck e d fu n d a m e n ta l p ro b le m s in th e rela tio n of gen etics to tax o n o m y an d to p la n t b re e d in g th a t did n o t receive gen eral a tte n tio n for a n o th e r g e n e ra tio n . All th is he stu d ie d w ith sm all team s in th e c o m p a rativ e iso latio n of C olonial a n d T h ir d W o rld t e r rito rie s, a n d w ith o u t ever tak in g tim e off to w ork in a lab o ra to ry w h ere he co uld exchange ideas w ith a s u b sta n tia l tea m o f g en eticists.
A c k n o w l e d g e m e n t s W ritin g th is m e m o ir has b een m ad e p ossible by th e p ro v isio n o f view s, recollections and factual in fo rm a tio n by very m an y people w ho knew H a rla n d , colleagues, stu d e n ts and frie n d s. T o th e m all I offer m y g ratefu l th an k s. F u rth e r, I am in d e b te d to M rs H a rla n d for m u ch perso n al detail.
T h e p h o to g ra p h re p ro d u c e d w as tak en by th e Scarborough M ercury on P ro fesso r H a r la n d 's 9 0th b irth d a y , in 1981.
